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DECLARATION OF PAUL POLAKIS, PhD. 
L Paul Polakis, Ph.D., declare and say as follows: )' 

i * 

1. I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (u) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins 'tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protpin expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our . 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 

. opinion that for human genes, an increased level of mRNA in a tumor cell relative 
. to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions, to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Ph.D., Biochemistry, Department of Biochemistry, 
Michigan State University (1984) 
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S. San Francisco, CA 

1999-2002 Senior Scientist, Genentech, Inc., 

S. San Francisco, CA 



1997-1999 Research Director 

Onyx Pharmaceuticals, Richmond, CA 

1992-1996 Senior Scientist, Project Leader, Onyx 
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1991-1992 Senior Scientist, Chiron Corporation, 

Emeryville, CA. 

1989-1991 Scientist, Cetus Corporation, Emeryville CA 

1987-1989 Postdoctoral Research Associate, Genentech, 
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1985-1987 



Postdoctoral Research Associate, Department 
of Medicine, Duke University Medical Center, 
Durham, NC 



1 984-1 985 Assistant Professor, Department of Chemistry, 

Oberiin College, Oberiin, Ohio 

1980-1984 Graduate Research Assistant, Department of: 

Biochemistry, Michigan State University 
East Lansing; Michigan 
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^tyacts. If these minor cell proteins differ among cells to the same extent as the 
?more abundant proteins, as is commonly assumed, only a small number of pro- 
tein difi» ences (PC**? 8 several hundred) suffice to create very large differences 
k cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
tkeir patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase* which helps to convert tyrosine to glucose. When the hormone is no 
longerpresent, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat ceUs, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell speciaiizatioiwiifferent cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(translational control), (5) selectively destabilizing certain mRNA molecules in 
the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, pr compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
Because, of all the possible control points illustrated in Figure 9^2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 




Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins 5 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site wjiere transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics 6 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in protfeins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 9-3 Double-helical structure 
of DNA, The major and minor grooves 
on the outside of the double helix, are 
indicated. The atoms are colored as 
follows: carbon, dark Wue; nitrogen 
light blue; hydrogen, white; oxygen. 
red; phosphorus, yellow. 
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Figure 9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 
black line marks the location of an 
unmethylated CG dinucleotide in the 
DNA sequence, while a red line marks 
the location of a methylated CG 
dinucleotide. 



Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
dalized animal cells can maintain their unique character when grown in culture, the 
gm regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other, this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rector indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
fonn of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
though these posttranscriptional controls, which operate after RNA polymerase 
has bound to the gene's promoter and begun RNA synthesis, are less common 
ttan transcriptional control, for many genes they are crucial It seems that every 
step in gene expression that could.be controlled in principle is likely to be regu- 
lated under some circumstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 
er j according to the sequence of events that might be experienced by an RNA 
Molecule after its transcription has begun (Figure 9-72) . 



START RNA 
TRANSCRIPTION 



POSSIBLE 
ATTENUATION 

SPLICING 
. AND 3-END 
CLEAVAGE 

NUCLEAR 
EXPORT 



SPATIAL 
LOCALIZATION 
IN CYTOPLASM 

POSSIBLE 
RNA EDITING 

START 
TRANSLATION 

POSSIBLE 
TRANSLATIONAL 
RECODING 

POSSIBLE 
RNA 
STABILIZATION 



. RNA 

- transcript 

aborts 

nonfunctional 

- mRNA 
sequences 

retention 
" in nucleus 



T > 



translation 
blocked 



RNA degraded 



CONTINUED 
PROTEIN SYNTHESIS 



Figure 9-72 Possible post- 
transcriptional controls on gene 
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controls are likely to be used for any 
one gene. 
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Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A is 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-^). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure &-6) . As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP*, induces the norma! PrP protein it contacts to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that Is especially prone to aggregation, but because this structure Is 
not Infectious in this way, it cannot spread from one animal to another, (C) Drawing of a cross-beta filament 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Figure 
3-9}, a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a-he!ices into four 
p-sQ-ands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et alj Mol. Bfol 273:729-739, 
1 997; D, adapted from S.B. Prusiner, Trends Biochem. Sri 2 1 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease 1 *) from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell The final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 
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lire 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 
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Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino acids used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs—each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Bach amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls that operate at 
steps J through 5 are discussed in this 
chapter. Step 6, the regulation of protein 
activity, Includes reversible activation or 
inactlvation by protein phosphorylation 
(discussed In Chapter 3) as well as 
Irreversible inactlvation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells. Although all of the steps involved in expressing a gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
trolled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
a single signal. Many others are complex and act as tiny microprocessors, 
.responding to a variety of signals that they interpret and integrate to switch the 
~^ghboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ celBs is inactive and highly methylated. Over long 
periods of evolutionary time/ the methylated CG sequences in these inactive 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
irwolved in creating them must be stable once established and heritable when the 
cell divides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other, this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis for cellular clocks. 

Ineucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these pasttranscdptioma]! 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control for 
many genes they are crucial. 
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Figure 7-86 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in vertebrate 
genomes. A black, line marks the location 
of a CG dinucteotide in the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinucleotide. CG sequences that lie In 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained In 
evolution. Methy fated CG sequences, on 
the opher hand, tend to be lost through 
deamination of 5-methyl C toT, unless the 
CG sequence is critical for survival. 
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CHAPTER 29 
Regulation of transcription 



T\tt phenolypic dilfefences that distinguish the 
rtrious kinds of <rlls in a higher eufcaryote are 
largely due lo* riiflerrjircs in the expression of 
*rnes that code for proteins, thai is. those tran- 
ptWKd by RNA polymerase II. In principle, the 
e xpression of these genes might he re gutated al 
aTi v one of several slaves. The concept of the 
-level or control* implies that gene expression 
' & no I necessarily an automatic process once it 
has begun. It could he regulated in* a gene- 
5perific way al any one of several sequential 
steps. We can distinguish <at least) fire potcn- 
lial control points, forming the series: 

Activation or gene sirueuirr 
i 

Initiation of transcript hi» 
I 

Processing the ti-nnsciipt 
I 

transport, to cvtoptasm 
i 

Translation or mRXA 

The existence of the first step is implied hy 
the discovery that genes may exist in either of 
two st natural conditions. ilelailve (i> the stale 
fif most of the genome genes are found in 
an -active* state in the cells in which they 
are expressed (see Chapter 21). The clvange of 
structure is distinct from the aci of transcript 
lion, and indicates that I he gene is "transcribe 
able." This suggests that acquisition of the 
,, active ,, structure must be the first step in gene 
expression. 

Transcription of a gene in the active stale is 



controlled at the stage of initiation. I hat is. by 
the interaction of RNA polymerase with its pro- 
moter. This Is now becoming susceptible to 
analysis In the in vitro systems (see Chapter 
*«). For most genes, this is a major control 
point; probably it ts the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in etikary- 
olic cells, for example, via a mile rmi nation 
mechanisms. 

The primary transcript Is modified by capping 
al the 5' end. and usually also hy polyarienyla- 
lion at the 3' end. Imrons must t* spliced out 
fruiu the transvripts of interrupted genes. The 
mature UNA must lie exported from the nucleus 
to I he cytoplasm. Regulation of gene expression 
by selection of sequences at the levef of nuclear 
RNA might involve any or all of these stages, 
but the one for which we have most evidence 
concents changes in splicing; some genes are 
expressed by means of alternative splicing pat- 
terns whose regulation controls the type of pro- 
tein product (see Chapter 30). 

Finally, the translation of an mKNA in the cyto- 
plasm can lie specifically controlled. There is little 
evidence for the employment of this mechanism in 
adult somatic cells, but it does occur in some 
embryonic situations, as described in Chapter 
"The mechanism is presumed to involve the block- 
ing of InttUtlon of translation of some mRNAs by 
specific protein factors. 

But having acknowledged that control of gene 
expression can occur at multiple stages, and 
that production of RNA cannot inevitably be 
equated with production of protein, it Is clear 



r 

*l c 



m I Chapter 29 



that the overwhelming majority of regulatory 
events occur at the initiation of transcription. 
Regulation uf tissue-specific gene transcription 
ties at the heart of eukaryouc differentiation; 
indeed, we see examples in Chapter 3d in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves lo provide 



common control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regulation: wha^t identifies 
the common target genes to the transcription 
factor; and how is the activity or the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common cnnirol is that 
they share a promoter clement that is recognized 
by a regulator}' iransaiption factor. An element 
that causes a gene to respond to such a factor 
is called a response element examples are the 
HSE (heat shock response element), GHE 
(glucocorticoid response element), SRE (scrum 
response elemeM)- 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in. Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 fntfucitfe transcrpi.or; /aciors bind \c 
response elmnenls that identify g:ci;ps cl pfomciers 
of cihuncsrs subject Sc coc-'dinoio control. 



Regulatory Agent Module Consensus 



Factor 



Heat mo* HS€ CW&UNNTCCNNG HSTF 

Glucocorticoid CRE TGGTACAAATGTTCT Receptor 

PrwrbolBster TOE TGACTCA API 

Sewm SRE CCATATTAGG SHF 



the consensus sequence. In promoters, the ele- 
ments are not present at Axed distances from 
the start point, but are usually <200 bp upstream 
or It- The presence of a single element usually 
is sufficient to confer the regulatory response* 
but sometimes there are multiple copies. 

Response elements may be located in P"** 
moters or in enhancers. Some types of element* 
are typically found in one rather than the other, 
usually an HSE is found in a promoter, wbilr * 
ORE is found in an enhancer. We assume th>* 
all response elements function by ihe & ntt 
general principle. A g<ne is regulated fi 
sequence at the promoter or enhancer (hat P " 
recognized by a specific protein. The P 1 * 1 ** 
Junctions as a iransaiption factor needed r r 
A7VM polymerase to initiate/ Active protein * 
available only under conditions tvhen the, * 
fo be expressed; its absence means that tbt 
moter is not activated by this particular a'**"^ 

An example of a situation in which n*^ 



IsP^ 



genes are controlled by a single factor 
vided by the heal shock response. This & ^ 
mon lo a wide range of prokaryotes ^ 
eukaryoles and involves multiple 
gene expression: an increase in temp* 1 * prl 
turns off transcription of some genes, i^^d 
transcription of the heat shock g* neS ^^ 
causes changes in the translation of m Y^r 
The control or the heat shock genes HI* 1 * ^fi 
the differences between 'prokaryot* 
eukarywic modes oF controL In bacteria, 5 ^ 
sigma factor is synthesized lhat dirt* 15 ^ 
polymerase holoenzyme to recognize o n * 
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Abstract 

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHq and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitativety scored by assessing both the 
percentage and Intensity of PSCA-posioVe staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05, respectively). Jn addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China, Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al [1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of theThy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage, mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n ■ 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
um sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Cleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score |2). 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures [3,4|. 

tmmunohistochemlcat (IHC) analysis 
Briefly, tissue sections were deparafifinized, dehydrated, 
and subjected to microwaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 : 1 00 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 
Five-um-thick tissue sections were deparaffintzed and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% citric acid) for 20 min at 37.5 °C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 °C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37°C in 2 * standard 
saline citrate (SSC) for 10 min, in 0.5 * SSC for 15 min 
and in 0.2 * SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5°Cforl h followed by washing in 1 * PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5 °C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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intensity x frequency 



Gleason score 0-6 {%) 9 (%} 



2-4 5(83) 1 (17) 

5-7 19(79) 5(21) 

*-IO 5 (28) 13 (72) 



Table 2: Correlation of PSCA expression with clinical stage 







Intensity * frequency 




Tumor stage 


0-6 {%) 




9(%) 


SB 


27 (67.5) 
2(25) 




13(32.5) 
6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
endy experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 ■ positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3} to give an overall score of 0-9 
[1,5]. In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those mat had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's r-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen- independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (<£2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 
Using the semi-quantitauve scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores » well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores * poor-differentiation [7J. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses snowed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostalnlng and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure t 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining, B. ISH staining, *200 magnification), A h B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back* 
ground staining. A 2 . B^: a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A 2 : IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A 3 , B 3 : a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(LAPCM tumors}. We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
etal [1], using ISH analysis, reported that 97 of 118 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(rnPSCA) expression in mouse HGPIN tissues by Tran C 
P et al [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluoreseent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9j. Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5]. Hiese data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[10}, in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
|11] used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al |12) reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 [1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17). Reiter 
RE et al [ 18 1 reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu 2 
et al [91 recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the up regulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18], WatabeTet al [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell -cell contact and pro- 
tein kinase C (PKC) [20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21]. Thy-1 is involved in T cell activation and transducts 
signals through $rc~like tyrosine kinases [22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25]. Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through afTecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through ail stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. Hie results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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The fundamental principle of molecular therapeutics in can- 
cer is to exploit the differences in gene expression between 
cancer cells and normal cells. With the advent of cDNA array 
technology, most efforts have concentrated on Identifying 
differences In gene expression at the level of nriRNA, which 
can be attributable either to DMA amplification or to differ- 
ences in transcription. Gene expression Is quite complicated, 
however, and is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of translational regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur In early embryogeneste In eukaryotes. For ex- 
ample, in Xenopus. the period of transcriptional quiescence 
continues until the embryo reaches mldWastuta transition, the 
4000-ceii stage. Therefore, aU necessary mRNA molecules are 
transcribed during oogenesis and stockpiled In afransJattonaily 
Inactive, masked form. The mRNA are translationaJly activated 
at appropriate times during oocyte maturation, fertilization, and 



early embryogeneste and thus, am under strict translational 
control. 

Translation has an established role In cell growth. Basi- 
cally, an increase In protein synthesis occurs as a conse- 
quence of mftogenesls. Until recently, however, Rttte was 
known about the alterations In mRNA translation In cancer, 
and much Is yet to be discovered about their role in the 
development and progression of cancer. Here we review the 
basic principles of translational control, the alterations en- 
counteed in cancer, and selected therapies targeting transla- 
tion Initiation to elucidate potential new therapeutic avenues. 

©aste IMncOples <off Yraisllsrttoiail ConftroO 

Translation Initiate fe the main step In translational regulation. 
Translation initiation is a complex process in whteh the initiator 
tRNA aid the 40$ and 60S ribosomal subunits are recruited to 
the 5' end of a mftm moiecute and assembled by eitoyotic 
translation inffiafcn fectois into an 80S ribesoma at tits start 
ceden of the mRNA flRg. H). The 5' end of eukaryoifc mRNA Is 
capped, /.6L, contains the cap structure m 7 GpppN (F-mstltofl- 
guancGin3-^prHDSpho-5'-nbonudeosIciD). Most transition In 
eukaryotes occurs In a cap-dependent fashioa JLa, tft© cap is 
specifically recognized by the dF4E, s which &r*ds the 5' cap. 
The elF4F translation Initiation complex Is then formed by the 
assembly of el RE, the RNA heOcase elF4A, and elF4G, a 
scaffolding protein that mediate the binding of the AOS ribo- 
sornal subunft to the mRNA molecule through Interaction with 
the elF3 protein present on the 40S ribosome. eIF4Aand eIRB 
participate si melting ths secondary sSructure of ifts 5' UIR of 
the mRNA. The 438 Initiation complex (40SfelF2/Met-tRNA/ 
GJP complex) scans the mRNA in a 5'-*3' direction until It 
encounters an AUG start oodoa This start ccdon Is then base- 
paired to the antlcodon of initiator tRNA, forming the 48S initi- 
ation complex. The Initiation factors are then displaced from the 
48S complex, and the 60S ribosome loins to form the 80S 
ribosome. 

Unlike most eukaryotic translation, translation Initiation of 
certain mRNAs, such as the plcomavirus RNA, Is cap Inde- 
pendent and occurs by Internal ribosome entry. This mecha- 
nism does not require elF4E Ether the 43S complex can bind 
the Initiation codon directly through Interaction with the IRES In 
the 5' UTR such as in the encepha!omyocarditisvlrus,oritcan 
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Fig.i. Translation initiation In eukaryotes. The 4E-BPs are hyperphos- 
phorytated to release eIF4E so that it can Interact with the 5' cap, and the 
6F4F inflation complex te assembled. The tnteractfon of poty(A) binding 
protein wtti the Initiation complex and drcuiarkation of the mRNA is not 
depleted In the diagram. The secondary structure of the 5' UTR Is melted, 
the 40S ribosomaJ subunit b bound td e!F3. and the ternary complex 
consisting of eJF2, GTP, and the Met-tRNAare recruited to the mftNA. The 
rfcoscma scans the mRNA In a 5'~»3' direction until an AUG start codon 
Is found In the appropriate sequence context The Initiation factors ere 
released, and the large rfoosomal subunit b recruited. 



Initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as Is the case with the pollovirus (1). 

Regulation <o>f Tmnsla&on Initiation 
Translation Initiation can be regulated by alterations In the 
expression or phosphorylation status of the various factors 
involved. Key components In translations] regulation that 
may provide potential therapeutic targets follow. 

elPSE. elF4E ptays a central role In translation regulation, 
it Is the least abundant of the initiation factors and is con- 
sidered the rate-llmfflng component for Initiation of cap- 
dependent translation, elRE may also ba Involved In mRNA 
splicing, mRNA 3' processing, and mRNA nudeocytoplas- 
mic transport (2). elRE expression can be Increased at the 
transcriptional level In response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure In their 
5' UTR that are normally discriminated against by the trans- 



national machinery and thus are inefficiently translated (4-7). 
As examples of this, overexpression of elF4E promotes In- 
creased translation of vascular endothelial growth factor, 
fibroblast growth factor-2, and cyclln D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylation. elF4E phosphorylation Is mediated by the 
mltogen-activated protein Wnase-lnteracting kinase 1 , which 
Is activated by the mltogen-activated pathway activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mltogen-activated protein ki- 
nase (10-13). Several mitogens, such as serum, p8stelefr- 
derived growth factor, epidermal growth factor, Insulin, 
angiotensin II, sre kinase overexpression, and ras over- 
expression, toad to elF4E phosphorylation (14). The phos- 
phorylation status of eIF4E Is usually correlated with the 
transfational rate and growth status of the celt however; 
elF4E phosphorylation has also been observed In response 
to some cellular stresses when translation^ rates actually 
decrease (15). Thus, further study Is needed to understand 
the effects of e»F4E phosphorylation on eIF4E activity- 

Another mechanism of regulation Is the alteration of eIF4E 
availability by the binding of elF4E to the elF4E-blnding pro- 
teins (4E-BP, also known as PHAS-J). 4E-BPs compete with 
eIF4G for a btodng site In elF4E The binding of e!F4E to the 
bast characterized e!F4£-blndlng protein, 4E-BP1, Is regu- 
lated by 4E-BP1 phosphorylation. Wypophosphcjylaled 4E- 
BP1 binds to elF4£ whereas 4&BP1 hyperphcsphorylatlon 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, Insulin-like growth factors 
I and II, InterleuWn 3, granulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
sJI been reported to induce phosphorylation of 4E-BP1 and 
to decrease the abUfiHy of 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of nutrients or growth factors results 
in 4E-BP1 dephosphorylation, an Increase In elF4E binding, 
and a decrease In cap-dependent translation. 

pTOSSKtaso. Phosphorylation of ribosomal 40S protein 
S8 by S6K Is thought to play an Important role In transfational 
regulation. S6K mouse embryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on cell proliferation (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
ongejpyrimicfin^ 

protein mRNAs and other mRNAs coding for components of 
the translations] machinery. Phosphorylation of S6K Is regu- 
lated In pat based on the availability of nutrients (18b 19) and Is 
stimulated by several growth factors, such as platelet-derived 
growth factor and Insulin-Oka growth factor 8 (20). 

eOF&tt Ptosptoo^stion. The binding of the Initiator fRNA 
to the small ribosomaJ unit Is mediated by translation initia- 
tion factor elFZ Phosphorylation of the a-subunlt of e!F2 
prevents formation of the elF2/GTP/Met-tRNA complex and 
inhibits global protein synthesis (21, 22). elF2<* Is phospho- 
rylated under a variety of conditions, such as viral Infection, 
nutrient deprivation, heme deprivation, and apoptosls (22). 
elF2« Is phosphorylated by heme-regulated inhibitor, nutrient- 
regulated protein kinase, and the IFN-lnduced, double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 



Tfos m¥OR sagnatingj Mtoay. The macrollde antibiotic 
rapamycin (Sirallmus; Vtyeth-Ayerst Research, Coflegeville, 
RA) has been the subject of intensive study because ft In- 
hibits signal transduction pathways Involved (n T-cell activa- 
tion. The rapamycln-sensltlve component of these pathways 
Is mTOR (also called FRAP or RAFT1). mTOR is the mam- 
malian homoiogue off the yeast TOR proteins that regulate Q 1 
progression and translation in response to nutrient availabil- 
ity (24). mTOR is a serine-threonine kinase that modulates 
translation Initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Fig. 2; Ret 25). 

4E-BP1 fe phosphoryiated on multiple residues. mTOR phos- 
phorylates the Thr-37 and Thr-40 residues of 4E-BP1 in vitro 
(26); however, phosphorylation at these sites is not associated 
with a toss of eiF4E blncBng. Rwsphorylattan of Thr-37 and 
Thr-46 is required for subsequent phosphorylation at several 
CGOH-termlnal, serum-sensitfve sites; a combination of these 
phosphoryiatoi events appear to be needed to inhibit the 
binding of 4&BP1 to e!F4E <25)l The product of the vWW gene, 
P38/MSK1 pathway, and proidn kinase Or also play a role in 
4E-BP1 phosphorylation (27-29). 

S6Kand4E-BP1 are also regulated, In pari, by PI3K and its 
downstream protein kinase Akt PTEN Is a phosphatase that 
negatively regulates PI3K signaling. PTBJ nufl ceils have 
constttutively active of Akt, with increased S6K activity and 
S6 phosphorylation (30). S6K activity is Inhibited both by 
PI3K Inhibitors wortmannln and LY294002 and by mTOR 
Inhibitor rapamycin (24). Akt phosphoryiates Ser-2446 In 
mTOR In vitro, and this site is phosphoryiated upon Akt 
activation in vtoo (31-33). Thus, mTOR is regulated by the 
PBK/Akt pathway; however, this does hot appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR fe controversial. 

Interestingly, mTOR autophosphorylatron Is blocked by wort- 
rrsnnbtartofrbyrapamy^ 

suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than intrinsic mTOR 
Wj^acMy.Analtematepathwayfor4E-BP1 and S6K phos- 
phorylation by mTOR activity Is by the inhibition of a phospha- 
tase. Treatment with calyculin A, an fohibltor of phosphatases 1 
and 2A, reduces rapamycin-induced deprrasprwrytatton of 4E- 
BP1 and S6K by rapamycin (35). PP2A interacts with full-length 
S6K but not with a S6K mutant that is resistant to dephospho- 
ryiation resulting from rapamycin. mTOR phosphoryiates PP2A 
in vitro; however, how tills process alters PP2A activity is not 
known. These results are consistent with the mcdeJ that phos- 
phorylation of a phosphatase by mTOR prevents ©^phospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of the phosphatase by 
mTOR. 

IPolyeKden^ation. The po(y(A) tail In eukaryotic mRNA is 
important m enhancing translation Initiation and mRNA sta- 
bility. Polyadenyiation plays a key role In regulating gene 
expression during oogenesis and early embryogenesls. 
Some mRNA that are translatfonally inactive in the oocyte are 
potyadenyiated concomitantly with translation^ activation In 
oocyte maturation, whereas other mRNAs that are transla- 
tlonaiiy active during oogenesis are deadenylated and trans- 
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lafionaiiy silenced (36-38). Thus, control of poiy(A) tatt syn- 
thesis is an important regulatory step In gene expression. 
The 5' cap and poly(A) tail are thought to function synergls- 
tically to regulate mRNA translational efficiency (39, 40). 

TOft PacStag1ni0. Most RNA-blndfng proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fete of the transcript (41). A highly 
conserved family of Y-box proteins Is found in cytoplasmic 
messenger rlbonucleoprotein particles, where the proteins 
are thought to play a role In restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-assoclated protein, YB-1, destabilizes the Interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpression of 
YB-1 results In translational repression In vivo (44). Thus, 
alterations In RNA packaging can also play an important role 
In translational regulation. 

TtnansSatcoFD Ataratforis Encountered In Cancer 
Three main alterations at the translational level occur in cancer 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes In the expression or availability of 
components of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an indi- 
vidual mRNA that may play a role In carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase In the overall rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations In mRtm Seqwmc® 
Variations In mRNA sequence affect the translational effi- 
ciency of the transcript A brief description of these variations 
and examples of each mechanism follow. 

MuMtos. Mutations in the mRNA sequence, especially 
in the 5' UTR, can alter Its tmnslatlonal efficiency, as seen in 
the following examples. 
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Safto efaf. propped that translation of fulHongth 
*myc is repressed, whereas to several BurWtt lymphomas 
that have deletions of the mRNA5' UTR, translation afc-myc 
b more efficient (45). More recently. It was reported that the 
5 f UTR of omyc contains an USES, and thus c-myc transla- 
tion can be Initiated by a cap-independent as well as a 
cap-dependent mechanism (46,47). In patients with multiple 
myeloma, a C-*T mutation In tilts omyc IRES was Identified 
(*S) and found to cause an ertaced Initiation of translation 
via Internal ribosomal entry (4SJl 

, mCAI. A somatic point rrni&ta (117 G-»C) In position 
-3 with raspsct to the start ccjfon of the BRCA1 gene was 
Identified In a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream lucifemse reporter dem- 
onstrated adecrease In the t^^ 
UTR mutation. 

<^0Ii/M^m2^m^ ££&?as© &ft/2>to* 2&> Some Inherited 
melanoma kindreds have a G-*T transverslon at base -34 
of cycfln-dependent Wnase irtft&rtor-2A, which encodes a 
cydin-depsndent kinase 4/cyc&rMiependent kinase 6 kinase 
Inhibitor Important In Q t checkpoint regulation (51). This 
mutation,, gives rise to a norel AUG translation initiation 
codon, creating an upstream c$m reading frame that com* 
petes for scanning ribosomes and decreases translation 
from th© wild-type AUG. 

SKea Afterations In spifcing end alternate transcription sites 
can tead to variations In 5' UTR ssquence, length, and second- 
ary structure, ultimately impacting translationall efficiency. 

AWS. The ATM gene has tar nonocding exons 5n its 5* 
UTR that undergo extensive alternative splicing (52). The 
contents of 12 different 5' Ums that show considerable 
diversity In length and sequence have been Identified. These 
divergent 5' leader sequences play an Important role In the 
transitional regulation of the MM gena 

wwtat Jn a subset of tumors, overeKpresslon of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA. Use of different promotes leads to two mdm2 tran- 
scripts that differ only In their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

fiAGAf. In a normal mammary gland, BRCA1 mRNA Is 
expressed with a shorter leader sequence (5'UTRa), whereas 
In sporadic breast cancer tissue, BRCA1 mRNA Is expressed 
with a longer leader sequence (5' UTRb); the translation^ 
efficiency of transcripts containing 5' UTRb Is 1 0 times lower 
than that of transcripts containing 5' UTRa (54). 

VGF-(8 mRNA includes a 1.1 -kb 5' UTR, which 
exerts an inhibitory effect on translation. Many human breast 
cancer ceR lines contain a novel transcript with a 5' 

UTR that Is 870 nucleotides shorter and has a 7-fold greater 
translatlonal efficiency than the normal TCF-03 mRNA (55). 

momm PG&yactoyfetHoin) Multiple polyadenyl- 
ation signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
spades, such as the RET proto-oncogene (56), ATM gene 
(52), tissue Inhibitor of metatloprotelnases-3 (57), RHOA 



Proto-oncogene (58), and caJmoduilnH (59). Although the 
effect off these alternate 3' UTRs on translation Is not yet 
known, they may be important in RNA-protefn Interactions 
that affect translatlbnal recruitment The role of these alter- 
ations In cancer development and progression Is unknown. 

Alterations In the components of translation machinery can 
take many forms. 

OvasTsnpjresssto off efllME. Overexpression of elF4E 
causes maBgnant transfbjmatlon In rodent ceils (60) and tho 
deregulation of HeLa cell growth (61). Poftmovsky ei a/. (62) 
found that elF4E overexpression substitutes for serum and 
Individual growth factors In preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survival signaling. 

Elevated levels of ©1F4E mRNA have been found in a broad 
spectrum of transformed cell lines (63). eIF4E levels are 
elevated in all ductal carcinoma in situ specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpression Is attributable 
to gene amplication (63). 

Th3T3 ara acct™&$ng da2a suggesting thai: elF45 overex- 
pression can be valuable as a prognostic marker. e!F4E over- 
expression was found In a retrospects stucfy 
poor prognosis In stages I to III beast cardnoma(67). Ve?ffics- 
tion of tha prognostic value c? elF4E In breast mincer is now 
under way In a prospective trial (87). However, In a different 
study, elF4E expression was correlated with the aggressive 
behavior of ncJvHcdgkin's lymphoma (68). En a prospective 
analysis of patients with head and neck cancer, elevated tevels 
of eIF4£ in histologically tumor-free surgical margins predicted 
a significantly Increased risk of local-regions! recumertoa (9). 
These results aS suggest that e!F4E overexpression can be 
used to select patients who might benefit from more aggressive 
sysfiemlc therapy. Furth&more, the head and neck cancer data 
suggest that e!F4E overexpression Is a field defect and can be 
used to guide local therapy. 

Automations Biro Other Initiation Factors. Alterations In a 
number of other initiation factors have been associated with 
cancer. Overproduction of e!F4G, similar to elF4E, leads to 
malignant transformation in vitro (69). e!F-2a Is found In 
increased levels in bronchloloalveolar carcinomas of the lung 
(3). Initiation factor eIF-4Al is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunft of 
translation initiation factor 3 is amplified and overexpressed 
in breast and prostate cancer (72), and theelF3-p1 10 subunlt 
Is overexpressed In testicular seminoma (73). The role that 
overexpression of these Initiation factors plays on the devel- 
opment and progression of cancer, ff any, Is not known. 

Ovemsj^mssslWD otf S6K Is amplified and highly 
overexpressed in the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study by 
Barlund ef a/. (74), S6K was amplified in 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Owrfttpresdoin) of? RAP. PAP catalyzes 3' poly(A) syn- 
thesis. PAP Is overaxpressed in human cancer cells own* 
pared with normal and vlrally transformed celts (75). PAP 
enzymatic activity in breast tumors has been correlated with 
PAP protein levels (76) and, In mammary tumor cytosols r was 
found to be an Independent factor far predicting survival (76). 
Uttfe Is known, however, about how PAP expression or ac- 
tivity affects the translations! profile. 

^SteraSOosis im ^NArEUmSIno Protelnau Even less Is Known 
about alterations In RHA packaging En cancer. Increased ex- 
pression and nuclear localization of the RNA-bindng protein 
YB-1 are indfcators of a poor prognosis for breast cancer (77), 
non-small oaB lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least In part at the level of 
transcripSlon, because YB-H toe^^chemcTBslstance by en- 
hancing the transcription of a multidrug resistance gene (80). 



Ac&vs&on off Signal! YtrmsdJucfflm P&Whiwaiys 
Activation of signal transduction pathways by toss of tumor 
suppressor gBnes or overexpresston of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
Irnporter^rnutant in human cancers Is the tumor suppressor 
Sana FTBM, which \$zs& to tfta ecttvsiion of ths Pi3K/Ak2 path- 
way. Activate of Pi3K and Altf induces cnccganlc trans- 
fbmrialion off chicken embryo flbToWestal^trfflisfomisdc^ 
show ccnsiituth/e phosphorylaiion ol S3X and of 4E-BP1 (81). 
A mutant Aft that retains kinase activity but does not phos- 
phorytete S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correction between the oncogenicity of PJ3K and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, Insulin-like growth factor, HER2/heu, and epidermal 
growth factor receptor are overexpressed In cancer. Be- 
cause these (kinases activate downstream signal transduc- 
tion pathways known to alter translation Initiation, activation 
of translation Is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translations) control. 
For example, HER2/neu mRNA Is translattonaily controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation In a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translatlonal efficiency (82). HER2/neu translation is different 
In transformed and norma! cells. Thus, it is possible that 
alterations at the translatlonal level can In part account for 
the discrepancy between HEft2/neu gene amplification de- 
tected by fluorescence In sffiu hybridization and protein levels 
detected by immunohistochemlcal assays. 



TramfstBom Yairgeto.off Selected ©atracer mheeropy 
Components of the translation machinery and signal path- 
ways involved In the activation of translation Initiation repre- 
sent good targets for cancer therapy. 
Targeting fife© mTOR Signaling Pathway; ftapaimycfa 

Rapamycfn Inhibits the proliferation of lymphocytes. It was 
initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycln with FKBP 12 (FK506-bindIng 
protein, M r 12,000) binds to mTOR to Inhibit its function. 

Rapamycln causes a small but significant reduction In the 
Initiation rate of protein synthesis (83). It blocks cell growth 5m 
part by blocking S3 phosphorylation and selectively sup- 
pressing the translation of 5' TOPmRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycln also 
blocks 4E-BP1 phosphorylation and Inhibits cap-dependent 
but not cap-Independent translation (1 7, 86). 

The rapamydn-sensftive signal transduction pathway, acti- 
vated during maflgrant fransSbrmationand cancer prosresaoirtL 
is now bsing studied as a tengst for cancer tteapy (87). Pros- 
tata, breast snail cefl lung, glioblastoma, maianoma, and T-celS 
leukemia are among the cancer Ones most sensitive to the 
rapamycln analogue CCI-779 (Wyeih-Ayersfc Research; Ref. 
87). In rhabdomycosarcomaceO ffnes, rapamycln is either cyto- 
static or cytoddal, depending on the p53 static off the ceft p53 
wild-type cete treated with raparrrycfn arrest In the ^ phase 
and maintain the!r viabffity, whereas p53 mutant coils accumu- 
late in and urcle^ap^>ptosis(^ 
study using human primitive neuroectodermal tumor and 
myeloblastoma models, rapamycln exhibited more cytotox- 
icity In combination with cteplaUn and camptcthecln than as a 
stogie agenfl. tn vivo, CO-779 delved ^uwth of xercegraffte by 
160% after 1 weak of teapy and 240% after2 weeks. Aslngte 
high-close admlnfetmtton caused a 37% dsceeasa tn tumor 
vofurna Growth Inhibition In vivo was 13 times greater, with 
cteplatinin combination with CCI-779 than with cisplatin alon© 
(30). Thus, pJBCflnlcal studies suggest that rapamydn ana- 
logues are useful as single agents and in combination with) 
chemotherapy. 

Rapamycln analogues CCI-779 and RAD001 (Novartis, 
Basel, Switzerland) are now In clinical trials. Because of the 
known effect of rapamycln on lymphocyte proliferation, a 
potential problem with rapamydn analogues 6s Immunosup- 
pression. However, although prolonged immunosuppression 
can result from rapamydn and CCI-779 administered on 
continuous-dose schedules, the Immunosuppressive effects 
of rapamycln analogues resolve in -24 h after therapy 
(91). The prindpal toxicities of CCI-779 have Included der- 
matologies) toxicity, myelosuppresslon, infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and In stage Ill/TV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented In 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus, CCI-779 has documented preliminary clinical activity In 
a previously treated, unselected patient population. 

Active Investigation Is under way Into patient selection for 
mTOR Inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 In PTB\f-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN 07) There was, however, a positive correlation 
between Akt activation and CCI-779 sensitivity (97). This 
correlation suggests that activation of the PI3K-Akt pathway, 
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regardless of whether It is attributable to a PTCN mutation or 
to overexpresslon of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-dlrected therapy, in contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycln resistance; thus, a lower 4E-BP1/eiF4E ratio 
may predict rapamycln resistance (98). 

Another mod e of activity for rapamycln and its analogues 
appears to be through Inhibition of anglogeneste. This activ- 
ity may be (both through direct inhibition of endothelial cell 
proliferation as a result of mTOR Inhibition in these cells or by 
Inhibition of translation of such proangfogenlc factors as 
vascular endothelial growth factor in tumor cells (39, 100). 

The angtogenesis inhibitor tumstatln, another anticancer 
drug currently under study, was also found recently to Inhibit 
translation In endothelial cells (101). Through a requisite in- 
teraction with integrin, tumstatln Inhibits activation of the 
Pf3K/Akt pathway and mTOR In endothelial cells and pre- 
vents dissociation of eIRE from 4E-BP1 , thereby Inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-slgnallng pathway. 



am3 ffiavwwMs 

EPA Is an n-3 polyunsaturated fatty acid found In the fish- 
based diets of populations having a low incidence of cancer 
(102). EPA inhibits the profifemBon of cancer ceils (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation Matron (105). EPA releases Ca 2 * from 
Intracellular stores while Inhibiting their refilling, thereby ac- 
tivating PKR. PKR in turn phosphorytetes and inhibits elF2o, 
resulting in the inhibition of protein synthesis at the level of 
translation Initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent to vitro and In vivo. Inhibits cell growth through 
depletion of Ca 2+ stores, activation of PKR, and phospho- 
rylation of eSF2<B (108). Consequently, clotrimazole preferen- 
tially decreases the expression of cycllns A, E, and D1, 
resulting in blockage of the cell cycle in G v 

mete-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) Induces apoptosls In many cancer cells including 
breast, colorectal, and lung cancer (107-1 09). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of e!F2a and Induction of apoptosls (110). 

FlavonokJs such as genlsteln and quercetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases, PKR, 
heme-regulated inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2<* and Inhibition of 
protein synthesis (111). 



Targeting <b!F4A andl alFQE: An&senso AMA 
and! IFtyp&dles ■ 

Antisense expression of elF4A decreases the proliferation rate 
of melanoma cells (1 12). Sequestration of el F4E by overexpres- 
ston of 4E-BP1 is proapoptotic and decreases tumortgenlcfty 
(113, 114). Reduction of elF4E with antisense RNA decreases 
soft agar growth, Increases tumor latency, and Increases the 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



ment also reduces the expression of angiogenic factors (115) 
and has been proposed as a potential adjuvant therapy for head 
and nec^c cancers, particularly when elevated eIF4E Is found Iru 
surgical marg Ins. SmaJ \ molecufo Inhibitors that bind the ei F4G/ 
4E-BP1 -binding domsin of eIRE are pmapoptoEc (116) and 
are also being actively pursued. 



lExptot&ng Sefecffim Wrmsfomsv Urn- to Tfoempy 
A different therapeutic approach that takes advantage of tha 
enhanced cap-dependent translation In cancer ceils is tha use 
of gene therapy vectors encoding suicide genes with highly 
stmctun^5'U7RThesemRN^ 

disadvantage in normal cells and not translate well, whereas In 
cancer ceils, they would translate more effictentfy. For example, 
the introduction off the 5' UTR of f&roWast growth fectar-2 5' to 
the coding sequence of h&pas simp fax virus iyp& 1 ihymfdlr® 
hfaas® gsne, aSows to selective translation of hwpas sfrnp/ajf 
virus fypa-1 thymktina kinase gene in breast cancer cell Ones 
compared with normal mammary ce3 fines and results in se- 
lective sensitivity to ganciclovir (117). 

Thwart Hfo© IFtotoro 

Translation Is a crucial process in every call However, severe! 
attentions In transtentorial control occur tn cancer. Cancer cells 
appear to need an aberrantly activated translations! state for 
survival, thus allowing the targeting of translation initiate with 
surprisingly low toxicity. Components of the translations! ma- 
chinery, such as eIF4E, and signal transduction pathways In- 
volved to transSattonln^^ 

targets for cancer therapy. inWWtore of the mTOR have already 
shown some preliminary activity in dinted trials, ft is possible 
that with the development of better predictive marfcera and 
better patient selection, response rates to single-agent therapy 
can be Improved. Similar to other cytostatic agents, however, 
mTOR Inhibitors are most Cfefy to achieve cltnicaS utffity in 
combination therapy, in the interim, our increasing understand- 
ing of translation Initiation and signal transduction pathways 
promise to lead to the identification of new therapeutic targets 
In the near future. 
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